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Summary: We determined the effects of aspirin and a 
novel thromboxane Vprostagtendin endoperoxidc (TP)- 
receptor antagonist, BMS-1&0291, on thrombosis and 
bleeding times in skin and mesenteric arteries. In anes- 
thetized rats, occlusive thrombosis was induced in tbe 
carotid artery by topical application of ferrous chloride 
and in the vena cava by blood flow stasis combined with 
either infusion of thromboplastin or hypotonic saline. As- 
pirin (U 10, and 50 mg/kg) did not reduce arterial or ve- 
nous thrombus weight significantly. BM$ 180,291 (150 
Mg/fcftfain) decreased arterial thrombus weight and hypo- 
tonic saline-induced caval thrombus weight by 58 and 
57%, respectively. &MS-180291 lacked antithrombotic 



activity ai a lower dose (50 M^kg/min) and failed to inhibit 
thromboplastin-induccd caval thrombosis. B MS- 180291 
(150 figftg/min) significantly reduced arterial thrombus 
weight by when plasma epinephrine concentration 
was increased to 5 ng/ml. BMS-IW291 and aspirin pro- 
duced increases of only *30% in bleeding limes. These 
results demonstrate that B MS- 180291 has antithrombotic 
activity in experimental aspirin-resistant arterial and ve- 
nous thrombosis. Both aspirin and BMS-18029! have 
only modest effects on small artery hemostasis in rats. 
Key Words: Thromboxane Ay antagonist — Aspirin — 
Thrombin inhibitor— Arterial and venous thrombosis— 
Tnromboplastuv^lecding time— Rat. 



Aspirin is tbe most commonly used antithrom- 
botic drag in tbe United Slates and the only one that 
rapidly inhibits platelet function after oral adminis- 
tration. Aspirin is regarded as weakly antithrom- 
botic, but it is the benchmark against which emerg- 
ing drugs are tested (1), BMS-18029] is a selective 
thromboxane A^prostaglandin endoperoxkJc (TP) 
receptor antagonist (2) that produces prolonged in- 
hibition of platelet function after oral administration 
to monkeys (3). We previously demonstrated partial 
inhibition of arterial thrombosis in rats with either 
aspirin or a TP-receptor antagonist (4). To differen- 
tiate better between aspirin and BMS-180291, we 
developed an aspirin-insensitive arterial thrombosis 
model adapted from that of Kur2 and co-workers 
(5). This model uses topical application of iron chlo- 
ride to induce formation of thrombi that consist pre- 



dominantly of platelets and fibrin (5). The irrevers- 
ible thrombin active-she inhibitor D-phenyl alanyl- 
L-prolyl-L-arginyl chloromethyl ketone (PPACK) 
(6,7) was tested in this model to provide a reference 
drug that inhibits both the platelet and coagulation 
components of thrombosis. 

Platelets have a primary involvement in arterial 
thrombosis and also participate in venous thrombo- 
sis by accelerating thrombin formation (8). Millet 
and colleagues (9) combined mild vena cava injury 
in response to high-pressure saline infusion and 
blood flow stasis to induce thrombosis in rats that is 
highly sensitive to heparin. We previously observed 
that TP-receptor antagonists, but not aspirin, are 
partially effective in this model (10)- Tissue factor 
(thromboplastin) activation of the extrinsic coagu- 
lation cascade has been proposed to be the predom- 
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iftant initiator of hemost&sis is veins (11). We cotrv- 
bbcd stasis of cava! Wood flow with thromboplastin 
injection for better testing of aspirin and BMS- 
180291 in dot formation initiated by this extrinsic 
pathway. 

Because internal hemorrhage is a major side ef- 
fect of antithrombotic therapy , doses of aspirin and 
BMS-18Q291 used in tha thrombosis studies were 
evaluated in the small mesenteric artery bleeding 
model of Zawfls&a and associates (12) and also in a 
toe pad bleeding time model. Selection of BMS- 
130291 doses for all experiments was based on ex 
vivo inhibition of platelet reactivity to the TP- 
receptor agonist U^o,6l9- Aspirin doses were se- 
lected to bracket 10 sig/kg, & dose which in prelim- 
inary experiments blocked 99% of maximal throm- 
boxane (TXBj) production daring dotting of rat 
blood. 
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Male Spresue Dawiey rats weighing 350-450 g were 
anesthetized iatrapcritonoally (i.p.) with Na* 
pentebaroka] (SO ra^fe). Jugular veins were catinulated 
with PE-20 or FB-50 tubing for drug fcdminisiraticm or 
anesthetic suppksientzitk)^ and the trachea was intu- 
bated to ensure airway patency. The right carotid titer? 
was exposed, and a piece of Barafum "M" was pieced 
under ths vessel. An electromagnetic flow probe (0-95- or 
1 . 0-Btm lumen) was placed cm the artery and attached to 
a model MDL 1401 flowmeter (Skalar, Delft, Nether- 
lands). After baseline flow measurements were made, a 2- 
x 5-ram strip of filter paper was sanjrated ma 50% sc^ 
uoa of Fed 2 and placed om top of the vessel downstream* 
from the flow probe for 10 rain. Some preliminary exper- 
iments were performed with a SO% sotutioa of FeCl,. The 
carotid artery was removed either on ccchastoa or GO coin 
after filter paper application if patency was inamtainedt 
The artery was opened lengthwise under a stereomiero- 
scepe, and the white tSjrombm was removed. Thrombus 
wet weight was determined immediately on a Sartorius 
R- 160? balance (BrinJcmann Instruments* Westbury, NY , 
U.S.A.). Carotid Wood fiow (CBF) was monitored coa- 
trouousry, and totel CBF was calculated by planimetry 
and BoraaHzed as percentage of baseline (0 m£o) flow for 
60 mm. 

Treatments were given intravenously (Lv.) starting 15 
rain before FeCl 2 appEcatioa. Tha fins* a&idy included 
vehicle, aspirin (l, 10, and 50 tasteg) (Sssma Chemical. 
SL Louis, MO, U.S. AO and BMS- 180291 (50 and 150 
u^kg/min). The vehicles used in these and ell other ex- 
periments were warm water for aspirin and a 10% solu- 
tion of 9S« ethanol plus 0.2% M^CO^ for BMS^180291 
(25 (AJ/Eria). In the second study, a continuous infusion of 
epinephrine (Sigma) was given at a dose of 1.25 or IS 
u J g/t^/aua in combination with vehk!e or BMS-180&1 
(150 n^/saifl). Each treatment consisted of at least 5 
rats (exact numbers shown m Figs, t and 2). A separate 
group of rats oot subjected to thrombosis received epi- 
nephrine umisions (2.5, 5 or 12 J u^^min; n ^ 4 per 
dose) whue arterial blood pressure (BP) was monitored. 
Blood samples were obtained after 30 min of epinephrine 




FIG. 1. Effect* of aspirin and a thromboxane A*/ 
pr oataofendin ondoparoscWa (TP)- receptor antagonist en ar- 
terial thrombosis woro tistertnlnod m snesthettead rats. Dlf- 
SorencoD in thrombosis weight and blood flow averaged 
throughout tng experiment wen& tiatotted by analysis of vari- 
ant only ostein vahlcta end Bft23-te0291 060 
There vraro no slgp^ftoni differences emong tpeasraaflsa In 
eomral (0 min) blood flew. Only BMS-1 (150 tiefegMn) 
reduced frequency of occlusion (p < 0X3. Fishar e*oet test). 



infusion and frozen. Epinephrine levels were determined 
by Damon Clinical Laboratory (Trevose, PA . U.S. A.) us- 
ing high-pressure liquid 'chromatography (HPLC) and 
electrochemical detection. 

A third Study was performed using PPACK. (Calbio- 
cbem. La Jofla, CA, U.S.A.) to provide a comparison 
with a Gneverstble thrombin inhibitor. SaHne vehicle (n ° 
9i os" PPACK (52 and 104 j!£/^min; n « 7 and 9, respec- 
tively) was administered as described previously (Fig. 3). 
The PPACK doses are equivalent to 100 and 200 nmol/ 
kg/mm and were chosen from previous studies thai dem- 
onstrated maximal inhibition of atfcftel thrombus forma- 
tion in rats and monkeys (6,7). 

Venous toesnfcoBSs 

Male Sprague Dawky rats were anesthetized, the tra- 
chea was intubated, and the jugular vein was cannulated 
as described above. The vena cava was isolated by a 
midline abdominal incision. Cava! thrombosis ^as in- 
duced by two different procedures. In the first procedure, 
a caval sac was produced by tying a ligature around a 
26- gauge hypodermic needle just distal to the renal veins 
and applying a microaneurysm damp just proximal to the 
bifurcation of the femoral veins. Another 26-&auge needle 
was inserted in the inferior portion of the venous sac, and 
hypotonic saline (0.225%) was infused at 10 ml/min for 15 
s. This needle was removed after the saline flush, and the 
hole was sealed with a drop of cyaooacry late cement The 
proximal needle was then slipped free from the ligature, 
leaving & fixed Bonocchisive stenosis, and the distal vas- 
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FIG. 2. Epinephrine wu infused at two doses In an attempt 
to rewsc the antithrombotic activity of BMS-1 80291 in tne^ 
thetaed rats. Vehicle and BMS-1 B0291 did not differ In either 
control (0 mln) or availed blood How (f test), in rats receiv- 
ing me 2^g/Kg/mtri Illusion of ep<rtephrtno ( frequency of 
occlusion was reduced by BMS-1 60291 (p c 0.05, Hatter ex^ 
act teat). BMS-1 B0291 significantly reduced thrombus 
weights at both doses of epinephrine (t tost). 




Fx:. 8. Effect of the thrombin active-cite inhibitor o-phenyl 
atanyR-profyt^-a/ginyl chloromethyl ketone (PPACK) on ar* 
ferial thrombosis was determined in anesthetized rata. Sig- 
nificant reductions In thrombus weight and Improvements in 
average blood flow were detected tor both doses of PPACK 
by analysis of variance. PPACK also reduced frequency of 
occlusion (p < 0.05; Fisher exact test). 




HO. 4. The effects of aspirin and a 7P*reee©tor antagonist 
on cave) thrombus weights were determined in aneefhetfead 
rats. Thrombosis was Induced by stasis of vena cava hood 
flow and infusion of either hypotonic saline (A) or thrombo- 
plastin {&). Comparisons with respective vehtdo groups were 
made by analysis of variance. 

cular clamp was removed. Blood flow was maintained 
through the stenosis for 20 mm before proximal and distal 
vascular damps were attached to reconstruct the cava! 
sac. The sac was dissected free and slit open lengthwise 
The exposed thrombus was removed asd weighed 
diatcly on the R-160P balance. Treatments were admin- 
istered Lv. starting 15 min before the sac was con- 
structed. There were two separate studies, consisting of 
vehicle and either aspirin (1, 10, and 50 rng/kg) or BMS- 
180291 (50 and 150 *g/kgtaifl). At least 5 rats were in 
each treatment group (exact numbers shown in Fie 4), 

In the second prcccdurc, a cava! stenosis was produced 
with a 26-gauge needle as described above; instead of 
hypotonic saline, thromboplastin (5 rag/kg) was infused 
for 2 min through a femoral vein catheter. This thrombo- 
plastin (no. T0263, Sigma) was derived from rabbit brain 
tissue with no added Ca 2 ~ , In preihninary experiments, 
thromboplastin 5-mg/kg j»v, did not produce significant 
changes in circulating platelet or leukocyte counts , 
whereas higher doses (10-30 mg/fcg) elicited thrombocy- 
topenia asd leukopenia. The thrombus was removed aod 
weighed 20 min after thromboplastin injection as de- 
scribed above. Drug treatments were the same as those 
used in the first procedure and were administered 15 mm 
before thromboplastin. 

Mesenteric artery and toe bleeding tines 

Male Spraguc Dawley rats were anesthetized, the tra- 
chea was intubated, and the jugular vein was caiheterizcd 
as described above. To measure mesenteric bleeding time 
the jejunum was isolated through a irudHnc laparotomy 
and exteriorized. Small arteries branching perpendicular 
from the mesenteric artery over the surface of the jeju- 
num were visualized by stereotnicroscopc. Individual ar- 
teries were punctured with a 30-gauge hypodermic needle 
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while the iatcstinal surface was superfused with Ringer's 
solution wanned to 37%C. To treasure skin hlccdms. an 
incision 5 mm long by 1 mm deep was made in the front 
paw toe pad with a Snrgtcutt instrument (International 
Techmdyne, Edison. NJ. U.S.A.). and surgical gauze 
«/as used to absorb the Mood without touching the 
wound. Bleating antes were determined by cessation of 
the £rcc*flowins Wood from the arterial or skin wound 
sites. Bleeding times were obtained from three to five 
vessels or two toe pad incisions before (control) and 15 
min after administration of either vehicle, aspirin (1, 10, 
and SO tag/kg) or BMS-180291 (50 and 150 pgftgfcim). 
Control and postireafcaent blcc&ft£ usaes m ea>ch rat were 
averaged to singe control and posttreataent values. 
There were at least 5 rats in each treatment group (exact 
numbers shown in Fig. 5). 

P&stelet rractivfty end ctatting times 

fcSak Spraguc Dawley rats were anesthetized, the tra- 
chea was intubated, and the Jugular vein was canoutaed 
as described above. To measure platelet reactivity, vehi- 
cle (n - 9) or BMS-180291 50 pg/Kgta'n (n = 3) and 150 
Hg/kg/min (n « 4) was infused i,v. for 35 min; arterial 
Wood was then withdrawn into a Vv> final volume of 3.8% 
Na-citraxe. Blood samples were spun for 2 s ia an Eppcn- 
dorf 5412 micirocentnruge (Brinkuian Instruments, West- 
bury, NY, U.S.A.) to prepare plaidct-rich plasma (PKP) 
and again for 2 min to prepare PPP, which was used to 




ISO 

S. Effects on aspirin and a TP-receptor antagonist on 
WesdJng tlmos In small mesenteric arteries and front Ion toe 
pad aero determined In ansathetteed rata, Mesenteric bid- 
ing times in response to voaael puncture were determined In 
three to Ave arteries belore (control) and after treatment Du- 
plicate template b tending tlmss were determined m separata 
rats before and aftor treatment Relative changes in bleeding 
time ware compared tfltn voMcte by analysis of vartaneo with 
the control Weeding rime used as a covarf&m. Control mes- 
enteric bleeding times did not differ significantly among 
treatments and averaged 85 ± 2 s overall (n » 44). Ketther 
did control toe pleading times differ significantly among 
treatments, averaging 87 ± 2$ overall (n ° 40). 



adjust the platelet count to -300 * 10* platelets/pi. Plate- 
let shape change and aggregation responses to U-46»6l9 
(0.01-100 \lM, BioMol Laboratories. Philadelphia, PA, 
U.S.A.) were determined photometrically in a model 
400VS platelet a^regomcter (Chroeo-Log, Havertowo, 
PA. U.S.A.) using ?PP to establish 100% aggregation. . 
The ex vivo platelet shape change response was used to 
measure fractional TP-receptor inhibition. U 46 ,6 19 con- 
centrations producing a 50% maximal shape change 
(ECjo) were determined, and concentration ratios (CR) 
were r*lmlatrd (EC m with BMS-180291/EC^ with vehi- 
cle). Percentage of TP-receptor mhibhkm v*as estimated 
from the formula [(CR-1VCRJ x icO (13). The conccntra- 
ttoffl-depertdent inhibition of U-46,dl$-udueed platelet 
shape change response by BMS-l&ttdl tc&s also charac- 
terized m vivo u£iag platelet-rich plasma obtained from 
untreated rats. 

We determined the in vitro effects of BMS-J80291 on 
the activated partial thromboplastin time (APTD and the 
prothrombin time (FT) using platelet-poor plasma (PPP) 
prepared as described above from untreated raxs. The 
APTT and PT were measured using commercially avail- 
able reagents (Baxter Healthcare, Miami, FL, U.S.A.) in 
the presence of varying BMS-1 80291 concentrations (0 to 
10 Clotting times were performed in triplicate at 
J7°C with a Fibrometcr mechanical coagulation rimer 
(Baxter Healthcare). 

Ststis&t&S AnaDysss 

Analysis of variance with Dunnett^s test was used for 
multiple-group comparisons to vehicle. Otfiser mean com- 
parisons were made by contrasts. Baseline CBF was 
added as a covariate in analysis of average CBF. Two- 
way comparisons were made by r test, and the Fisher 
exact test was used fw frequency of occlusion data, 
Bleeding times were expressed as percentage of change 
from conttoS and were analysed by analysis of covariancc 
with control bleeding rime as the covariate. Computations 
were performed using Systat software (Evansten. 1L> 
U.S. A.). Alt data are mean ± SEM; p < 0.05 was con- 
sidered significant. 

RESULTS 

Because preliminary experiments found that 
thrombus weights were smaller in response to Fed) 
(2.5 ± 0.3, n = IS) as compared with FeCl 2 (5.1 ± 
0.7, n - 7; p < 0.01, r test), FoCl 2 was used for 
further studies. Occlusive thrombosis was observed 
in all 9 vehicle-treated rats in the aspirin and BMS* 
180291 study, with C8P decreased to zero within 16 
± 1 min after removal of FeCl* (range 3-11 min). 
Aspirin at doses of 1. 10, and 50 mgfeg did not re- 
duce average thrombus weight* improve patency, 
or stabilise CBF during thrombus formation (Fig. 
1). There was a tendency for the 5G-mg/kg dose of 
aspirin to improve average CBF, but this did not 
achieve statistical significance. In contrast to aspi- 
rin, BMS-180291 significantly reduced thrombus 
formation. Although BMS-1S0291 at a dose of 50 
Hg/kgfaiin was inactive, at 150 u,g/kg/min it de- 
creased average thrombus weight by 57%, in* 
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creased vessel patency to 88%, and maintained 
CBF at 91% of control after PeC^ exposure (Fig- 1). 

In addition to drug effects on thrombus weight, 
there were also qualitative differences in thrombus 
appearance. Thrombi from vehicle-treated rats ap- 
peared under the stereomicroscope as predomi- 
nantly white masses with interspersed dark red re- 
gions. We easily removed these thrombi intact by 
gently pulling the firm clot away from ihe site of 
FeCl 2 application. Thrombi from the BMS-180291- 
treaied rats differed in that they were less firm and 
often disintegrated during removal, A similar differ- 
ence in thrombus consistency was occasionally ob- 
served in aspirin-treated rats. 

We attempted to reverse the antithrombotic ao> 
tivity of BMS-1805&1 by increasing plasma epineph- 
rine to high physiologic levels, ft^iiamary experi- 
ments identified the appropriate epinephrine doses. 
Thirty-minute infusions of epinephrine at 2.5, 5, and 
12.5 u^/kg/min produced proportionate increases in 
its plasma concentration to 5.0 ± 1.0, 10.4 ± 0.6 
and 22.5 ± 4.1 ngtau\ respectively (n = 4 per dose). 
Mean arterial BP (MA?) was unaffected by the 2.5- 
ngrtcg/min dose (124 * 3 to 121 s 9 mm Hg), but 
was increased by the 5- and 12.5-»tg/ks^min doses 
(124 ^ 5 to 150 ± 6 and 120* 10 to 140 ± 9 mm Hg, 
respectively; p < 0*05). Because the 1.5-ttg^g/min 
epinephrine dose produced high plasma levels with 
no marked hemodynamic effect, it and a lower dose 
of 1.25 u,g/kg/min were selected for thrombosis 
studies. BMS-180291 significantly [reduced arterial 
thrombus weight by 37 and 40% when coadminis- 
tered with the 1.25- and 2^-pg/kg/mm infusions of 
epinephrine, respectively (Fig. 2). In the presence 
as compared with the absence of catecholamine in- 
fusion, BMS-180291 was less effective in sustaining 
CBF and vessel patency. 

The thrombin inhibitor PPACK reduced throm- 
bus weight by 70 and 86% at doses of 52 and 104 
fig/kg/min, respectively (Fig, 3). PPACK also com- 
pletely prevented both vessel occlusion and reduc- 
tions in CBF during thrombosis. 

Venous thrombeds 

Infusion of hypotonic saline combined with stasis 
of blood flow produced vena cava clots in all vehi- 
cle-treated rats with an average overall weight of 
35.6 ± 4.2 mg (range 10-83 rag, a ~ 25). Aspirin at 
doses of 1, 10, and 50 rag/kg did not significantly 
affect caval clot weight (Tig. 4A). BMS-1S0291 pro- 
duced dose-dependent inhibition of venous throm- 
bosis in the same manner observed with arterial 
thrombosis. Average venous thrombus weight was 
reduced 58% by the 150-ug/kg/min dose of BMS- 
180291, but not by the 50-Mgteg/mfti dose (Fig. 4A). 

Thromboplastin injection combined with blood 
flow stasis produced caval clots in vehicle-treated 
rats that averaged 68,7 ± 7.2 mg overall (range 45- 
99 mg, n * 12). The average weight of these clots 



was greater than those produced by hypotonic sa- 
line (p < 0.01, r test) and it was not affected by 
BMS-1 80291 (Fig. 4B). Aspirin produced either a 
small increase (10 mg/kg) or had no effect (1 and 50 
mg/kg) on thrombus weight (Fig. 4B). 1ft both ve- 
nous thrombosis models, clots obtained from vehi- 
cle* and drug-treated rats appeared as solid and uni- 
form, dark red masses. 

Mesenteric ertey and tee pad Weeding times 

Bleeding times were not significantly affected by 
vehicle treatment; this indicates that both prepara- 
tions were highly sensitive to drug effects. The 10- 
mgrttg dose of aspirin produced a slight but signifi- 
cant 27 ± 9% increase in mesenteric bleeding time 
(Fig. S). Higher and lower doses of aspirin (1 and 50 
mg/tcg) and both doses of BMS-1 80291 (50 and 150 
^g/kg/min) had no effect on mesenteric bleeding 
time. BMS-180291 (150 jig/kg/mm) significantly in- 
creased toe pad bleeding time by 30 * 14%, 
whereas aspirin (1 , 10, and 50 mg/kg) and the lower 
dose of BMS-18029 J (50 u^/kg/min) had no effect in 
this model (Fig. 5). 

PlafceBet reactivity sad dotting activities 

PRP plasma obtained from all 9 vehicle-treated 
rats showed a concentration-dependent shape 
change response to U-46,619 (Fig. 6). BMS-180291 
infusion shifted the ex vivo concentration-effect 
curve for platelet sfrape change to the right in a 
parallel manner. Increases in the EC50 values of 
U-46,619 produced by BMS-180291 doses of 50 and 
150 ^g/kg/min indicated 99 and 99.9% antagonism 
of TP-receptors responsible for the platelet shape 
change response, respectively. Aggregation was ob- 
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FIG. 6. Shape Chans© respond of rat ptetoio* to U-46.619 
was determined ok vivo after 0 35-min illusion of oither va- 
hiclo or 8MS-1B0291. This wbb the amount of drug that had 
boen Edtninisfcwsd at the times whe* thrombi woro removed 
in the venous thrombosis model artf *f hen nil voMcle-trootod 
rats hod occluded In tho arterial thrombosis model Shaao 
chen©© *w measured as millimeters of detection bale** tho 
0% aggregation baseline. Both BMS-180291 doses signify 
cant (p < 0.0$) Increased the EC* voluo of U-48,61 9 (analysis 
of variance). 
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served in only S of 9 vehicle-treated rats, with a 
maximum response of 2$ ± 5 mm at 10 \lM 
U-46 619 (80 mm = 100% a^regation)- Both doses 
of BMS-180291 also completely blocked U-46,619- 
induced platelet aggregation. 

The affinity ofBMS-180291 for TP-receptors was 
also determined in vitro. The control EC^ for 
U-46,61^induced platelet shape change was 0.11 
uM and was increased to 1.8, 1 1*6. and 21 .5 uJtf by 
BMS-180291 concentrations of 30, 100, and 300 fuW, 
respectively. Schild-piot analysis of this data 
showed a pA 2 of 8.7 with a slope of -1.10. This 
slope is not significantly different from unity and is 
consistent with competitive inhibition. The drug 
receptor dissociation constant (XJ was 1.5 ± 
0 29 rtM 

Concentrations of BMS-1802&1 that were up to 
5 Sm*M6 greater than its £ d for inhibition of plate- 
let TP-receptors did not inhibit either the intrinsic 
(APTT) or extrinsic (FT) dotting activity of rat 
plasma {Tabic 1). High concentrations of BMS- 
180^1 (1 aad 10 uJW) produced a slight yet signifi- 
cant, 13% decrease in FT. 

DSSCUSSION 

Transition metals such as iron and copper are 
toxic in vivo because they induce lipid peroxidation 
(14). Kurz and co-workers (5) observed that topical 
application of FeCl 3 produces transmural injury in 
rat carotid arteries, resulting in occlusive thrombo- 
sis. We obtained similar results with FeC^, al- 
though thrombi were larger than those produced by 
FeCl 3 . Aspirin did not inhibit FeC^-induced throm- 
bosis at doses of 1, 10, and 50 rngifog, although 10 
mg/kg completely inhibited blood-derived cycloox- 
ygenase. The preliminary experiments used to dem- 
onstrate 99% inhibition of TXB* production in 
whole blood in response to 10 mg/kg aspirin were 
performed under dosing conditions identical to 
those used in the present study. The 50-mgrtcg dose 
of aspirin improved CBF slightly diiring thrombo- 
sis, suggesting that vasoconstrictor prostaglandins 
may limit flow in this model. Although 50 rag/kg is 
a high dose by clinical standards, tissue cyclooxy* 

TABLE L Sffect ofBMS-180291 on in vitro clotting 
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genase in rats is somewhat resistant to aspirin and 
optimum inhibition requires doses >30 mg/kg (15). 
Results of studies in which aspirin was used in rat 
models of arterial thrombosis have been mixed. 
Some investigators have reported thai aspirin is in- 
effective at doses ranging from 3 to 300 mg/kg (16- 
20). Others have observed partial antithrombotic 
activity aldoses of 3-30 mgftg (4,2l-2S). In some of 
these rat studies, activity was lost or even reversed 
at doses »10 mg/kg (21-23). 

There are several explanations for the variable 
antithrombotic activity of aspirin in vivo. The ex- 
tent of vessel injury differs among experimental 
models and is likely to have impact on the efficacy 
of weak antiplatelet drugs. Aspirin probably re* 
quires near-complete inhibition of TXA^ and pros- 
taglandin endoperoxide production for maximal ef- 
ficacy in the more severe thrombosis models. This 
degree of inhibition might be associated with de- 
creases in prostacyclin and increases in salicylate 
levels that could interfere with its antiplatelet action 
(26). Other nonspecific effects of aspirin, such as 
increased platelet spreading onto vascular endothe- 
lium (23,27), may result from acetylation of en- 
zymes other than cyctaoxygenase, but some bene- 
ficial effects of aspirin, including inhibition of shear- 
induced platelet activation, appear to require high 
doses (28), These characteristics, along with indi- 
vidual variability in platelet and bleeding responses 
to aspirin (29), tend to obfuscate dose selection. In 
considering the efficacy of aspirin, one should rec- 
ognize that not all UpSds capable of activating TP- 
receptors are cyclooxygenase products; e.g.* the re- 
cently discovered Frisoprostanes can activate TP- 
receptors (30), and these prostaglandin!^ 
compounds can be produced by radical initiated re- 
actions that do not require cycBooxygeaasc (31). 

Studies with a variety of TPHreceptor antagonists 
in rat medelsof arterial thrombosis have been pos- 
itive (4,18-20*23) even when aspirin was inactive 
(18-20). We observed that BMS-180251 reduced oo 
elusive thrombus weight by 58%, which was suffi- 
cient in most rats to maintain vessel patency and 
stabilize flow. This was less than the 86% reduction 
in thrombus weight obtained with the irreversible 
thrombin inhibitor PPACK. Other investigators 
have also shown that active-site thrombin inhibitors 
are more effective than TP-receptor antagonists in 
preventing platelet deposition onto endothelial- 
mjuTcd arteries (23) and collagen-coated surfaces 
(32). These two drug classes differ qualitatively in 
their effects on thrombogenesis. TP-receptor antag- 
onists primarily inhibit platelet recruitment and fi- 
brin- or platelet-dependent stabilization of the 
thrombus. Thrombin inhibitors share these activi- 
ties and have the additional ability to impede plate- 
Jet adhesion and thrombus initiation (23,32,33). The 
profile of activity for TP-receptor antagonists might 
be most appropriate for chronic treatment in which 
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vascular pathology requires that primary hemosta- 
sis be functioning yel blunted. 

One concern germane to narrow-spectrum an- 
tithrombotic drugs is the potential for alternate 
pathways of platelet activation to surmount their 
inhibition. Epinephrine has been shown to reverse 
platefet inhibition by aspirin in vitro (34) and m vivo 
(35) and to reverse the antithrombotic activity of a 
combined synthetase/TP-receptor antagonist 
(3©. High physiologic plasma concentrations of epi- 
nephrine of 1-2 ng/ml were required for these ef- 
fects (3536). In comparison, the plasma epineph- 
riae coxscealratioa in humans reaches 0.4 ng/ml (hir- 
ing heavy exercise, and peak levels of 1 figfa 1 ^ 
cccw daring myocardial infarction (37). An u> 
crease in plasma epinephrine to 5 ng/ml diminished 
but did not prevent the antithrombotic activity of 
BMS-18029H. The Fohs model used by other inves- 
tigators to demonstrate the epinephrine reversal 
phenomenon (35,36) involves continuous monitor- 
ing of cyclical thrombus formation. These thrombi 
are snore rich in platelets than fibrin since they form 
in 3-4 mia. In our experiments, platelet accumula- 
tion was not monitored continuously > and this could 
have been increased by epinephrine. Nevertheless, 
m 3MS4802$l-treated rats receiving epinephrine, 
the platelet mass did not organize into a firm occlu- 
sive dot. 

Hue antithrombotic activity of the ISO y^fkgfkg 
infusion of BMS-1802&1 was associated with *>S$% 
fractional inhibition of TP receptors. The 50-yLg/kg/ 
©in dose of BMS-180291 completely blocked ex 
vivo plasetet aggregation responses to U-46,619, but 
this activity was insufficient to inhibit arterial 
thrombosis. We and other investigators (3,38) 
showed that TP-receptor agonists are less effective 
in aggregating rat platelets as compared with pri- 
mate platelets but are equally effective in inducing 
the platelet shape change response. Platelet reactiv- 
ity to other mediators is increased by the shape 
change, and this response to TP-receptor agonists 
may be as physiologically important as the direct 
• aggregation response. Because platelet shape 
change occurs at low agonist concentrations that 
activate few TP receptors, near-complete receptor 
blockade as necessary to prevent the reaction. This 
may explain the high dose of BMS-180291 neces- 
sary to impede arterial thrombosis. Guinea pigs 
platelets more closely resemble human platelets in 
reactivity to TXA 2 , and both TP-receptor antago- 
nists and aspirin have greater antithrombotic po- 
tency in guinea pigs than rats (19). Thus, the rat 
model provides a relatively stringent test for com- 
parison to humans. 

Maximal TP-receptor blockade was also neces- 
sary to obtain inhibition of venous thrombosis in the 
model of Millet and colleagues (?). Using the same 
reasoning we applied to arterial thrombosis sug- 
gests that minimal TP receptor-dependent platelet 
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activation is sufficient to enhance cava! thrombosis. 
The partial efficacy of BMS-180291 and failure of 
aspirin to inhibit venous thrombosis agrees with re- 
sults of our previous study (10). Neither drug lim- 
ited thromboplastm^nduced thrombosis; therefore, 
ihrombogenesis induced by direct activation of ex- 
trinsic clotting does not necessarily require TP- 
receptor activation. 

Skin template Weeding time in humans is pro* 
longed by both aspirin (B) and TP-receptor antag- 
onists (39), but this effect is not pronounced and 
may not be relevant because template bleeding 
tiroes do not predict hemorrhage or reflect the risk 
of bleeding elsewhere in the body (40). We chose to 
measure mesenteric artery bleeding time in the 
hope that this would be more reflevam to serious 
surgical Weeding. Mesenteric artery bleeding times 
were not affected by BMS-180291 and were only 
moderately increased by aspirin, which suggests 
that in rats small artery hemostasis is not dependent 
on TP receptors. Overall, these experiments dem- 
onstrate that BMS-180291 has antithrombotic activ- 
ity In large blood vessels superior to that of aspirin 
and does not disrupt hemostasis in small arteries. 
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